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ABSTRACT 
         
 The present investigation was carried out during the two successive seasons 
of 1998 and 1999 to compare the effect of spraying indole acetic acid (IAA) at the 
rates of 0,5 and 10 ppm on yield of four mungbean cultivars; V-2010, VC-1000, VC-
2719 and Kawmi-1. Two samples were collected 7 days after each spraying treatment 
(42 and 62 days after sowing). 
 It was found that IAA at 5 ppm increased leaf area and total dry weight of all 
cultivars. However, plant height and No. of leaves and branches were not varied with 
IAA at 10 ppm among all cultivars, except VC-1000.  At harvesting, the results 
indicated that the plants treated with concentration of 5 ppm gave better values of 
yield and its components than the control. At 10 ppm IAA level, no significant 
differences in yield and its components of VC-2719 and and VC-1000 cultivars were 
observed. Photomicrograph of the anatomical observations of Kawmi-1 and VC-1000 
cultivars revealed that plants treated with 5 ppm IAA and/or 10 ppm treatments gave 
the highest values for stem and leaf measurements as compared with the control.                  
 This increase in growth and yield is considered to have been caused by the 
increase in the chemical components; sugars, total free amino acids,N, P, K, Na, Fe, 
B, Cu and Zn , as well as phytohormones (IAA, GA3 and ABA) concentrations. 
 It could be concluded that IAA treatments enhanced harvesting  of 
mungbean plants through its effect on increasing  vegetative growth, and stimulative 
flowering process or improving yield and its components, 
Keywords: Morphology, Anatomy, Physiology, IAA, Mungbean  

 

INTRODUCTION 
 
 Mungbean (Vigna radiata L. Wilczek) is a Fabaceae species, grown 
for its protein-rich edible seeds. It is widely grown in Asia, Central Africa, USA, 
Australia and, relatively recently in Egypt (Emam et al., 2000). 
 Mungbean is an excellent source of high quality protein, high value of 
digestibility and free from the flatulence effect associated with other pulses 
and hence is frequently used to feed children.  It is utilized in making soups, 
curries, bread, sweet salads and many other products (Poehlman, 1991). 
 Mungbean is a rapid growth crop, relatively tolerant to drought and 
salinity (Rachie and Roberts,1974 and Emam et al., 2000). Moreover, 
mungbean plant is a short-day, warm season, grown mainly in semi-arid to 
arid, tropic and sub-tropic regions (Gulati and Jaiwal, 1994). The flowering of 
mungbean tends to be delay in long photoperiods with different cultivars. In a 
controlled environment study, Avenido and Hautca (1990) identified a 
dominant or partially dominant gene for photoperiod-sensitivity in mungbean.  
          Indian varieties (e.g. G- 9, K- 851, M- 53, ML- 65, NH –2, NH-53 and T-
44) are characterized by earliness and high yield, while the Taiwan varieties 
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(e.g. V-2010, VC-1000, VC-2719 and others) are of better cooking and food 
technology qualities (Mahmoud, 1997). In Egypt, the cultivar Kawmi –1 is 
registered as a selected line characterized by high yield compared to the 
other cultivars (Abd-El-Lateef et al.1998)  
 The role of IAA is widely studied and is well known as an important 
factor in the coordination of plant growth and development (Law and Davis, 
1990). They mentioned also that the level of free auxin is one of the important 
factors regulating growth in plants. Indole buteric acid and gibberellin 
application have been reported to enhance the uptake of certain essential 
minreal nutrient and decreased membrane leakage indicating improved 
integrity in the petiole (O,Osterhuis, 1994). 
 The present work aimed to study the effect of IAA treatments on 
flowering, yield as well as certain morphological, anatomical and physiological 
parameters in four mungbean cultivars.   
 

MATERIALS AND METHODS 
 

      Department of Legumes, Agricultural Research Center, Ministry of 
Agriculture, Egypt kindly supplied seeds of the mungbean (Vigna radiata, 
(L),Wilczek) cultivars; V-2010, VC-1000, VC-2719 and Kawmi-1). Two field 
experiments were carried out in the Experimental Station of Faculty of 
Agriculture, Cairo University, Giza, during 1998 and 1999 growing seasons.        
      A preliminary experiment was conducted to define the suitable IAA 
concentrations (5,10,15, and 20 ppm) for mungbean growth. The results 
showed that (15 and 20 ppm) had no significant effect on the growth. 
Therefore, IAA at either of 5 or 10 ppm was investigated. The plants were 
sprayed with distilled water as a control, 5 and 10 ppm after 35 and 55 day 
from sowing date. 
 Plants were grown in a complete randomized block design with four 
replicates. The experimental unit was 1/100 fed. and the experimental plot 
area was 10.5 m² and each plot was divided into 5 ridges (2.5m in length and 
70 cm in width). Seeds were sown on June 14 th (1998) and June 21 st (1999) 
and the harvesting was took at 80, 90 and 100 days after sowing. All usual 
agricultural procedures of mungbean were used as recommended. Growth 
parameters (plant height, number of leaves; branches, and total leaf 
area/plant, dry weight of roots, stems and leaves/plant) were taken 42 and 62 
days after sowing. At harvesting, yield and its components (number of pods 
per plant, number of seeds per pod, number of seeds per plant, weight of 
seeds per plant and weight of 100 seed) were calculated as mean of the three 
harvesting times. Morphological and yield components data were statistically 
analyzed and the means were compared using L.S.D. values at 5 % level 
(Snedecor and Cochran 1980).  
         The anatomical study was carried out on specimens, which were 
obtained from plants of the second season (1999), 2 weeks after treatment, 
when plants were 6 weeks old. Specimens, 1 cm long, were taken from the 
median portion of the 7th  internode of the main stem. Similarly, samples 1 cm² 
were taken from the median portion of the apical leaflet blade of the 
compound leaf on the 7th node of the main stem. These specimens were 
taken from control plants and from the treatments that achieved maximum 
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morphological variations from the control; being 5 and 10 ppm for Kawmi-1 
and V-1000 cultivars. Specimens were killed and fixed for at least 48 hr. in 
F.A.A. (10 ml. Formalin, 5 ml. Glacial acetic acid and 85 ml. Ethyl alcohol 
70%). The selected materials were washed in 50 % ethanol, dehydrated in a 
normal butyl alcohol series embedded in paraffin wax  (m.p. 56 °C). Sections, 
were cut to thickness of 20µ by using a rotary microtome and stained with 
crystal violet/ erythrosin combination, cleared in xylene and mounted in 
Canada balsam (Willey, 1971). Slides were microscopically examined and the 
measurements were taken and averages of 10 readings from 3 slides were 
calculated.      

For the physiological studies, total free amino acids, total soluble 
phenols, reducing, non-reducing sugar and total sugar, IAA, GA, ABA, N, P, 
K, Na, Fe, B, Cu and Zn of the second sample (62 days after sowing date) 
during 1999 season were measured. Chemical  compounds of fresh leave 
and roots as well as seeds include: total free amino acids, total soluble 
phenols and phytohormones of leaves were determined.  Determination of 
reducing, non-reducing sugar and total sugar, N, P, K, Na, Fe, B, Cu and Zn 
concentrations were based on dry weight.  

Total amino acids were determined using ninhydrin reagent as 
described by (Moore and Stein, 1954) method. Total soluble phenols were 
measured using the Folin–Cioc-alteu colorimetric method (Swain and Hillis, 
1959). Leaves extraction with methanol to measured IAA, ABA and GAз 
concentrations was carried out as described by (Vogel, 1975). Nitrogen was 
determined as total nitrogen (Micro- Kjeldahl apparatus of Parnas and 
Wagner) as described by Pregl (1945) after the samples digested by mixture 
of sulforic acid, salcylic acid and hydrogen peroxide according to Linder 
(1944). Ethanol extract of leave, seeds and roots was used for determination 
of total sugar and reducing sugar using the phosphomolybdic acid method 
(A.O.A.C, 1975). Non-reducing sugars were calculated as the difference 
between total and reducing sugars. Phosphorus was determined using the 
colorimetrical method described by King (1951). Potassium and sodium were 
measured by using the Flamephotometrically as described in A.O.A.C. 
(1980). Iron, cupper, boron and zinc were determined by the atomic 
absorption equipment  as described in A.O.A.C (1980).  
                             

RESULTS AND DISCUSSION 
 

Vegetative characters: 
 It is worthy to note that the response of mungbean plants to spray 
with IAA was relatively similar during the two growing seasons of 1998 and 
1999. The results of plant height, number of branches, number of leave, total 
leaf area/plant, dry weight of leaves, roots and seeds and whole mungbean 
plant are presented in Tables (1 and 2). The data show that the IAA at (5 
ppm) had a significant effect on increasing most of the growth characters 
when compared with the control plants in both 1st and 2nd samples among all 
studied cultivars. However, IAA at 10 ppm had no significant differences on 
most of the growth characters of VC-2719 and Kawmi-1 cultivars if compared 
with V-2010 and VC-1000 cultivars. This result could be attributed to the 
promotive effect of IAA at 5 ppm on vegetative growth.    
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        Moreover, it is important to mention that the variation in growth between 
the two samples indicated that the dry matter accumulation in roots, stems, 
leaves and whole plant was increased with 5 ppm IAA. However, a slight 
decrease in dry matter was recorded by the plants which sprayed with 10 ppm 
as compared with the control plants of VC-2719 and Kawmi-1 cultivars. Thus, 
it can be suggested that IAA at 5 ppm may play an important role in  plant 
growth and development (Cleland,1995) through photosynthetic activity 
(Stoyanov et al.,1987), gene expression (Franco,1990), nutrient uptake 
(O’osterhuis, 1994) and metabolism of sugar and amino acid, which 
consequently leads to the increase of dry matter production per unit leaf area 
Van Volkemburgh and Cleland, 1979).  

Hegazy et al. (1966) reported that naphthalene acetic acid reduced 
plant height especially with increasing its concentration. It can be suggested 
that the increase of plant height in both V-2010 and VC-1000 cultivars  due to 
IAA treatment as a result of  increase of cell division and cell expansion 
(Hirsch and Torrey 1980). This increase may be through the effect of IAA on 
DNA and RNA synthesis (Theologis and Ray, 1982). A close correlation has 
between observed between the level of free auxin and the rate of stem growth 
in average of genetic lines of peas differeing hieght (Yang et al.,1996) 
       The results in the same Table show that the IAA at 5 ppm had a highly 
significant effect on root growth (dry weight) if compared with IAA at 10 ppm 
and the control plants in most cultivars.   
 It became widely accepted that IAA and other auxins play a key role 
in the initiation of roots (Kudoyerova et al.,1997). However, the effect of IAA is 
sometime hidden by other factors that are limiting root formation. In this 
regards, IAA might affect the formation of roots by acting directly in the cells 
which initiate the primordial (Haissig, 1970), or indirectly, via its involvement in 
the overall metabolism.  
 

Yield and its components:       
At harvesting stage, yield and its components (number of pods/plant, 

number of seeds/pod, number of seeds/ plant, weight of pods/plant, weight of 
seeds/plant and weight of 100 seeds) are presented in Table (3). The results 
show that IAA treatment resulted in significantly different yield and its 
components among all cultivars as compared to the control during the two 
growing season. IAA at 5 ppm significantly increase yield and its components 
among all cultivars. While, IAA at 10 ppm showed a stimulative effect on 
growth and yield of V-2010 and VC-1000 cultivars if compared with their 
control plants during the two growing seasons. 
          Thus, the plants varied considerably in its ability to tolerate potential 
level of IAA. An increase of yield and its components may be indicate to 
promoting growth characters and increasing No. of flowers as a result of dry 
matter accumulation after IAA treatment. Therefore, this increase seem to be 
correlated to promoting of flowering process. In this connection, Filelk (1990), 
mentioned that leaf area of faba bean was positively correlated with the 
number of pods and seeds/plant as well as seed weight. In addition, both GA 
and NAA gave higher yield of Vigna radiata than the untreated control. 
However, pod yield decreased from 10.72 to 7.11 unit with the increase of 
NAA concentration (Gulati and Jaiwal, 1993).   



J. Agric. Sci. Mansoura Univ., 26 (11), November, 2001 

 6959 

                            Table3



Rashad, M.H. et al. 

 6960 

Anatomical studies:  
Kawmi-1 and VC-1000 cultivars were chosen for the anatomical study 

as they gave the most distinguishable morphological changes in response to 
IAA treatments. Measurements (µ) of the tissues of the 7th internode on the 
main stem are given in Table (3) and Figs. (1 and 2). 

Data in Table (4) and Fig. (1 a and b) showed that the treatment of 5 
ppm for Kawmi-1 cultivar increased the diameter, being 4830  (µ) compared 
with 4386 µ in the control. Epidermis was thicker in treated plants (21 µ) than 
in the control (18 µ). Also, thickness of cortex was 350 u while it was 280 µ in 
control and this was accompanied by the increase in number of layers from 
15 in control to 17 in plants treated with 5 ppm. Thickness of vascular cylinder 
increased from 3790 µ in control to 4107 µ in 5 ppm. Pith diameter in this 
treatment was increased than the control, as it was 3240 u , while it was 3075 
µ in control. 
       It is clear from the results in Table (4) and Fig. (2 a,b and c) that both 
treatments ( 5 and 10 ppm IAA) for VC-1000 cultivar, increased diameter, 
being 4830 and 3999 µ , respectively, compared with 3461 µ in the control. 
Epidermis was thicker in 5 ppm (24 µ) than the control (19.5 µ). Also, 
thickness of cortex was 294 and 210 µ while it was 183 µ in control, and this 
was accompanied by the increase in number of layers from 12 in control to 16 
and 13 in 5 and 10 ppm, respectively. Thickness of vascular cylinder 
increased from 3075 µ in control to 4200 µ in 5 ppm and 3510 µ in 10 ppm. 
Pith diameter in both treatments was increased than the control as it was 
3450 µ in 5 ppm and 2940 µ in 10 ppm, while it was 2580 µ in control. The 
treatment of 10 ppm for kawmi-1 cultivar decreased stem diameter than the 
control being 4185 and 4386 µ, respectively. This was accompanied by 
decrements in thickness of cortex, vascular cylinder being 246 and 3660 µ 
compared with 280 and 3790 µ , respectively in the control and an increase in 
pith diameter being 3090 µ while it was 3070 µ in the control. Although, the 
number of cortical layers was decreased from 12 in 10 ppm to 15 in control 
Table (4) and Fig.1(c).                

 

Table (4): Measurements () of certain histological features in 

transverse section through the middle part of the seventh 

internode of the main stem of mung bean plant “VC-1000 

and Kawmi-1 cultivars“ as affected by IAA (5 and 10 ppm). 

Characters 
VC-1000 cultivar Kawmi-1 cultivar 

Control 5  10  Control 5 10  

Diameter of stem 3461 4830 3999 4386 4830 4185 

Thickness of epidermis 19.5 24 20 18 21 18 

Thickness of cortex 183 294 210 280 350 246 

No. of cortical layers 12 16 13 15 17 12 

Thickness of vascular cylinder 3075 4200 3510 3790 4107 3660 

Diameter of pith 2580 3450 2940 3070 3240 3090 

 
Results and photomicrographs of the anatomical studies revealed 

that the treatments of 5 ppm for kawmi-1 cultivar and 5 and 10 ppm for VC-
1000 cultivar had a stimulative effect in increasing all measurements of stem, 
compared with the controls. The increase in cortex thickness was due to the 
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increase in number of cortical layers by 13.33, 33.33 and 8.33 % in three 
treatments, respectively. The major increase, over the control was in the 
vascular cylinder due to increase in number and diameter of vessels it was 
8.36, 36.6 and 14.15 % in the same order. Wider vascular tissue observed in 
treated plants was attributed to the increase in thickness of phloem and xylem 
tissues. The cambil activity obviously stimulated since more xylem vessels 
were produced. Moreover, xylem vessels had wider cavities which amounted 
to more total active conducting area to cope with vigorous growth resulting 
from the tested treatment. The increase in pith diameter as it was 5.53, 33.7 
and 13.9 % respectively. Treatment of 5 ppm for VC-1000 cultivar gave 
induced slight  increments than that of other treatments ( 5 ppm for kawmi-1 
and 10 ppm for VC-1000 cultivar) specially thickness of vascular cylinder, 
36.60 %.  

On the contrary, the high dose of 10 ppm for Kawmi-1 cultivar 
decreased stem thickness than the control by 4.79 % due the decrease in 
thickness of epidermis, cortex and vascular cylinder by 14.28, 12.14 and 3.43 
% below the control, respectively, while the pith was similar to the control. 
        Table (5) and Figs. (3 and 4) indicates the measurements of different 
tissues of the leaf blade in control and treatments with 5 and 10 ppm IAA for 
both cultivars kawmi-1 and VC-1000. 
             Results indicated that the treatment with 5 ppm for kawmi-1 cultivar 
gave thicker lamina than the control being 351 and 270 µ, respectively, thicker 
palisade and spongy tissues 198 and 115 µ respectively, compared with 156 
and 101 µ in the control. The midrib thickness was also increased as it was 
1532 µ while it was 1440 µ in the control. 
             The results presented in Table (5) revealed that  both treatments ( 5 
and 10 ppm) for VC-1000 cultivar induced thicker lamina than the control, 
being 242, 221 and 216 µ respectively, thicker palisade and spongy tissues 
144 and 74 µ in 5 ppm and 110 and 73 µ  in 10 ppm, respectively compared 
with 108 and 72 µ in the control. The midrib thickness was also increased as 
it was 1854 u in 5 ppm , 1458 u in 10 ppm while it was 1350 u in the control. 
Also, length and width of bundle increased from 1165 and 486 u respectively 
in 5 ppm and 980 and 450 u in 10 ppm respectively to 650 and 360 u , 
respectively in the control. 
        Treatment with 10 ppm for Kawmi-1 decreased all measurements 

(except length of bundle) as the thickness of lamina decreased from 270  in 
the control to 238 u in treated plants. This was accompanied with decrements 

in thickness of palisade and spongy tissues being 102 and 100 , respectively 

while it was 126 and 101 in the control. The thickness of midrib, width of 
bundle decreased from 1440 and 360 u respectively in the control to 1346 
and 300 u respectively in the treatment. 
         As to anatomy of the leaf, the same trend of the stem was apparent as 
the three treatments of 5 ppm for kawmi-1 and 5 and 10 ppm for VC-1000 
cultivar increased all measurements than the control. The increments in 
palisade and spongy tissues were 33.3 and 2.77 % in 5  ppm and 1.85 and 
1.83 % in 10 ppm for VC-1000 cultivar and 57.1 and 13.8 % in 5 ppm for 
kawmi-1 cultivar and this increased blade thickness by 12.03 and 2.3 % in 5 
and 10 ppm for VC-1000 cultivar and 30 % in 5 ppm for Kawmi-1 cultivar. 
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Fig1
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fig2
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fig3
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fig4
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Table (5): Counts and measurements () of certain histological features 

in transverse sections through leaf blade on the 7th node of 

the main stem of mungbean plant ”VC- 1000 and Kawmi-1 

cultivars “ as affected by IAA (5 and 10 ppm). 

Characters 
VC-1000 cultivar Kawmi-1 cultivar 

Control 5  10  Control 5 10  

Thickness of Lamina 216 242 221 270 351 238 

Epidermis thick. Upper 18 18 18 18 18 18 

Epidermis thick. Lower 18 18 18 18 20 19 

Mesophyll thick. () 180 218 183 227 313 202 

Palisade tissue thick. 108 144 110 126 198 102 

Spong tissue thick. 72 74 73 101 115 100 

Thickness of midrib 1350 1854 1458 1440 1532 1346 

Dimensions of midrib Bundle Length 650 1165 980 630 810 1102 
Bundle Width 360 486 450 360 378 300 

 
        Due to the increase in stem diameter in the three treatments, the 
thickness of midrib, length and width of its bundle were higher than the 
controls by 37.3, 79.2 and 35 % respectively in 5 ppm and 8, 50.7 and 25 % 
respectively in 10 ppm for VC-1000 cultivar and 6.38, 28.4 and 5 % 
respectively in 5 ppm for Kawmi-1 cultivar. It is obvious that 5 ppm for kawmi-
1 was higher than other treatments in thickness of palisade, spongy tissues 
and blade thickness, while 5 ppm was higher than other treatments in 
measurements of midrib and its bundles. This matches with the higher 
increase in stem thickness caused by 5 ppm treatments. 
 Treatment of 10 ppm for Kawmi-1 gave thinner blade than the control 
by 11.85 % due to thinner palisade and spongy tissues by 19.05 and 1 %, 
respectively. Also, midrib thickness, width of its bundle were reduced by 6.52 
and 16.66 % respectively. While, length of its bundle was increased by 74.9 
%. This also matches with the thinner stem of the same treatment.             
        Such detailed information concerning the effect of IAA treatments on 
stem and leaf anatomy of mungbean plants are not available in the literature.  
       It can be suggested that the anatomically studies confirmed the results of 
vegetative characters and yield as well as its components. 
  

Physiological characters: 
          The results presented in Table (6) shows that IAA at 5 ppm had more 
effective on increasing total sugars in the leaves of kawmi-1 cultivar than at 
10 ppm. However, non reducing sugars (NR) concentration was increased in 
both leaves and seeds but a reverse trend was observed with NR on the 
roots. Moreover, VC-2719 cultivar showed that reducing sugars (R) 
concentration was not affected by IAA treatments except at 10 ppm IAA in the 
leaves. In addition, the response of NR to IAA at 5 ppm was higher in leaves 
and seeds as compared to that at 10 ppm. In VC-1000 cultivar, the increase 
of R concentration was obtained with IAA treatments comparing with the 
control plants.  In addition, R concentration of leaves increased with 
increasing IAA level in V-2010 cultivar. In generally, total sugars concentration 
increased with IAA treatments in the leaves of VC-2719 compared to other 
cultivars. Moreover, a slight increase of total sugars was observed with V-
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2010 and VC-2719 cultivars in the seeds after treated with being low IAA 
treatment. In this respect, Hegazy et al; (1966) reported that auxin and 
naphthalene acetic acid increased sucrose and polysaccharide content as a 
result of its treatment on bean plants. Altman and Wareing (1975) suggested 
that there is a close relationship between the enhancement of sugar 
accumulation and root formation as a result of IAA treatments. They 
suggested that a certain minimal sugar content should be present in order to 
enable the development of a give number of root primordia and that this can 
be affected by IAA. Interconversion of insoluble assimilates (such as starch) 
and soluble, translocated sugars is a general feature of normal 
photosynthesizing plants.   

 

Table (6): Effect of different IAA concentrations on reducing, non-

reducing and total sugars concentrations (mg glucose/g 

D.W) of four mungbean cultivars in leaves, roots and 

seeds in the second sample during 1999 season. 

Cultivars Treatments 
Reducing sugar Non-reducing sugar Total sugar 

Leaves Seeds Roots Leaves Seeds Roots Leaves Seeds Roots 

Kawmi-1 

Control 3.87 2.75 1.10 4.33 4.65 0.90 8.2 7.4 2.0 

5 3.75 2.73 1.17 4.45 4.87 0.83 8.4 7.6 2.0 

10 3.79 2.71 1.18 4.61 4.89 0.62 8.2 7.6 1.8 

VC 1000 

Control 3.83 2.50 0.83 4.37 4.90 1.17 8.2 7.4 2.0 

5 4.20 2.05 1.20 3.40 5.35 0.90 7.6 7.4 2.1 

10 4.30 2.60 1.10 3.90 4.80 1.09 8.2 7.4 2.1 

VC 2719 

Control 4.11 2.50 0.80 2.29 3.70 0.80 6.4 6.2 1.6 

5 4.0 2.51 0.81 4.50 4.49 0.59 8.5 7.0 1.3 

10 4.21 2.48 0.80 4.39 4.12 0.54 8.6 6.6 1.34 

V 2010 

Control 3.86 2.50 0.82 4.44 4.30 0.78 8.3 6.8 1.6 

5 3.86 2.48 0.89 4.34 4.32 0.71 8.2 7.2 1.6 

10 4.25 2.47 0.80 4.15 3.93 0.78 8.4 6.4 1.62 

 
             It is probable that IAA enhanced the breakdown of reserve and thus 
more assimilates could be detected in the soluble fraction. 

Regarding total free amino acids (TAA) and nitrogen (N) 
concentrations Table (7) shows that IAA treatments caused an increase of AA 
in the leaves and roots of Kawmi-1 cultivar at 10 ppm of IAA, while it 
significantly incresed nitrogen concentration in shoots, roots and seeds as 
compared with the control. Total free amino acids concentration was not 
influenced by IAA treatments in VC-2719 cultivar, but increased N 
concentration in plants treated with IAA as compared with the control. 
However, IAA treatments reduced TAA and N concentrations in the VC-1000 
cultivar.  The results also showed that IAA treatment increased TAA 
concentration in the leaves and roots of V-2010 cultivar. Moreover, the same 
effect was observed with N concentration in the leaves, roots and seeds, 
especially at the low IAA. Generally, the high concentration of TAA and N 
concentration was mostly recorded in the leaves of all cultivars. In addition 
both Kawmi-1 and V-2010 showed good response with IAA treatments 
comparing with VC-1000 and VC- 2719 cultivars.  
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 As regards to the effect of auxin on nitrogen metabolism, the amount 
of free amino acids was found to be decrease after auxin treatment, There is 
a positive correlation between zinc level of leaves and auxin biosynthesis. 
This can be supported by the high values of total soluble phenols (TSP).   
Rashad and Hanafy Ahmed (1997) suggested that the high values of free 
amino acids and soluble phenol concentrations, which were recorded by 
using both iron and zinc foliar spray treatments may be attributed to the high 
metabolic activity of plant to synthesize chromomic acids. However, the 
results showed that IAA treatments did not affect the TSP among all 
cultivars.    
         Data in Table (7) revealed that k level became higher by increasing IAA 
level in the leaves of kawmi and VC-2719 cultivars than in the control. 
However, it was more affected with the low level of IAA in the leaves, seeds 
and roots in both V- 2010 and VC-1000 cultivars. In addition, k concentration 
in the roots was higher than in the seeds of VC-1000, V-2010 and VC-2719 
cultivars as a results of low level of IAA. This indicated that the cell extension 
is the consequence of the accumulation of K in cells, which is required for 
both stabilizing the pH in the cytoplasm and increasing the osmotic potential 
in vacuoles. Pemadasa (1982) pointed out that IAA promoted the uptake of 
k. Kuiper et al. (1989) demonstrated that low K appeared to have little effect 
on cytokinin levels.  
       As regards phosphorus concentration, Table (7) show also that  5 ppm it 
IAA exhibited an increase on it in most cultivars. Similarly, it was found that          
IAA treatments increased Na concentration in the leaves, roots and seeds in 
most  cultivars (Table 8).  
            Concerning Fe, data in Table (8) shows that the low IAA level was of 
a highly significant effect on Fe concentration in seeds of Kawmi-1, VC-1000 
and V-2010 cultivars, and in the leaves as well as roots of VC -2719 cultivar.  
        A slight decrease in B concentration was detected with the low IAA 
concentraion in the leaves of V- 2010 and VC- 2719 cultivars, as well as in 
seeds of Kawmi-1 and VC-1000 cultivars as compared with the control plant. 
However, B concentration increased with increasing IAA level in VC- 1000. In 
the seeds of Kawmi-1 and VC- 1000, B concentration increased with 
reducing IAA level, but there is no consistent trend detected in the roots, of 
all cultivars after IAA treatments. 
  As for Cu concentration, the results in Table (8) revealed that no 
difference was detected among all cultivars as a results of IAA treatments, 
except with seeds and roots of VC- 2719 cultivar. The effect of IAA treatment 
on Zn level was more obvious in seeds of Kawmi-1 and VC-2719 cultivars. In 
addition, IAA treatment (10 ppm) was of a highly significant effect on 
concentration of zinc in roots of VC-1000 cultivar and in the leaves of V-2010 
cultivar. It is well known that zinc is required for the synthesis of IAA, for 
example in plants such as (little leaf disease) fruit tree is attributable to zinc 
and IAA deficiencies ( Singh, 1981).  Tryptophan, the immediate precursor of 
IAA increased under Zn deficiency (Cakmak et al., 1989).  Generally, 
it has been shown that hormones caused a directional movement of nutrient 
in short– term experiments (Davies and Wareing 1965) and apparently 
having an effect on the transport system (Altman and Wareing, 1975).  
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As regard endogenous plant hormones, the results in Table (9) showed that 
IAA concentration increased with increasing of IAA level in all cultivars, 
except VC-1000 cultivar. Rashad and Hanafy (1997) reported that,  Fe and 
Zn treatments caused an increase in IAA concentration and the high values 
were recorded by using Zn foliar (25, 50 and 75 ppm) treatments. Thus 
providing indirect evidence of the necessity of Zn for the synthesis of 
tryptophan, which is considerable precursor for auxin synthesis. 
           Concerning GAз, the results in Table (9) indicted that IAA treatments 
have a positive effect on GAз concentration among all cultivars. Rashad and 
Hanafy Ahmed (1997) found that Fe and Zn applications  caused an increase 
of endogenous GA3 in faba bean leaves. It seem to be that iron and Zinc 
might have role in GA3 synthesis, which is related to increase metabolic 
activity and flowering processes. Thus, it can be suggested that IAA 
treatment may have an indirect role to increase of GAз, through its effect on 
themovements of micronutrients (Fe and Zn), from the roots to the shoots of 
mungbean plants.  
 

Table (9): The effects of IAA concentrations on phytohormones (IAA, 

GA3 and ABA) concentrations of leaves of four mungbean 

cultivars in the 2nd sample during 1999 season.  
Cultivars Treatments IAA GA3 ABA 

Kawmi-1 

Control 11.78 13.16 12.73 

5 ppm 6.70 9.78 3.81 

10 ppm 79.6 23.62 11.46 

VC 2719 

Control 7.07 11.28 13.9 

5 ppm 14.10 82.0 1.58 

10 ppm 34.2 52.0 3.3 

V  2010 

Control 24.10 34.68 11.68 

5 ppm 27.45 50.03 12.8 

10 ppm 61.1 16.0 5.96 

VC 1000 

Control 29.68 13.10 24.25 

5 ppm 77.75 26.57 31.1 

10 ppm 16.71 6.81 2.10 

 
Concerning ABA, the result in Table (9) revealed that ABA 

concentration decreased  with IAA treatment, in kawmi-1 and VC- 2719 
cultivars, while it was opposite with both V- 2010 and VC-1000 cultivars. It 
seems that the obtained data show that there is hormonal balance between 
inhibitor and promotive hormones and these ratios may be changed response 
to Fe and Zn foliar applications.  

The relation between IAA and GA was observed by Rashad and 
Hanafy Ahmed (1997). They suggested that the low concentration of both free 
and neutral auxin activity were recorded in leaves of V. faba plants, treated 
with all GA3 rates ( 50, 100 and 150 ppm) . However, the high values of 
neutral auxin activity were recorded by the plants treated with the lowest rate 
of GA3. Moreover, in the shoot of rice plant GA3 treatment did not change the 
activity of IAA oxidase enzyme synthesis. ( Varga and Balint, 1966). 
         It be concluded that IAA treatments decreased IAA, GA3 and ABA 
concentrations in most cultivars except VC2010 cultivar for IAA concentration 
as compared with the control., but it affected the nutritional status, sugar 
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concentration, carbohydrate and nitrogen substances as reported by ( Nanda 
et al., 1971). Generally, the flowering of mungbean plant tends to be delay in 
long photoperiods with different cultivars, thus it can be suggested that IAA 
treatments have a direct and/or an indirect effect on increase of yield and its 
components. An indirect effect of IAA, it may caused the increase of nutrients 
uptake, as well as synthesis of sugar, amino acids and endogenous plant 
hormones synthesis.  
           Therefore, in the further studies are needed to precisely define the 
optimum concentrations of this growth promoter for different plant species as 
well as to clarify their possible implication in plant metabolism. In addition, we 
will focused on the effect of IAA treatment on response of flowering delay 
gene.  
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تأثيرانددل حمض ددخماك عيددامصعدد ماكوددولوماك  رل ك ويدد م اك ضودد كي م ماكت ددريضي م

م اكوسي ك وي مكنبلومل حماك لنج
ماسل  مسعي لنماكقبيوىم- ض لماسل  ماكسولصىم-ضسنم ض لمر لل

مقلهرةمول ع ماكم-عي ماكزراص كم-كزراصىقسمماكنبلوما
 

 IAA) حمض الخليك لدرا سة تأثير الرش باالندول 1998/1999أجري هذا البحث في موسمين متتاليين         
  2010جكك ف فككي المليككون( بلككي أربعككة أ ككناا مككن فككول المككان  وهككي   10   5( بمعككدالم مختل ككة ) كك ر  

 يوم من ال رابة(. 62 42أيام من كل رشة )في بمر 7   قومي وتم اخذ العينام بعد2719  1000
اق اثبتككم النتككان  أن المسككتوخ المككنخ ض مككن انككدول حمككض الخليكك  كككان لككا تككأثير معنككوخ بلككي مسككاحة ااالور

االوراق  والو ن الجاا الكلك  لككل اال كناا فك  كلتكا العينتكين والموسكمين ومكن ذلك  فكأن ارت كاد النبكام وبكدد
. 1000التركي  المرت ن من أندول حمض الخلي  ف  كل اال ناا مابدا ال نا في سكي واالفرد لم تتغير من 

يم قككجكك ف فكك  المليككون ابلككم أف ككل  5وبنككد مرحلككة الح ككاد أكككدم النتككان  أن النباتككام المعاملككة بككالتركي  
ة ام معنويفالمح ول ومكوناتة بالمقارنة بالكنترول. والتركي  المرت ن من اندول حامض الخلي  لم يظهر اختال

 .   1000وال نا فـي سـي 2719فـ  سـ    بل  مكونام المح ول لل نا 
جك ف فكي  5منخ  كة مكن انكدول حمكض الخليك   ) المعاملكة ال -وكانم اهم النتان  المتح كل بليهكا            

قارنكة مالمليون( لهكا تكأثير معنكوي بلكي معظكم ال ك ام الخ كرية و المح كولية فكي العينتكين و الموسكمين بال
فككي  جكك ف 10 5بككالكنترول فككي كككل ا  ككناا. أدم المعاملككة بككالتركي ام المختل ككة لالنككدول حمككض الخليكك   )

ي كل مكن الي  يادة في معظم القياسام التشريحية المدروسة ف 1000المليون( في ال ن ين القومي وفـي سـي
 الساق والورقة بالمقارنة بالكنترول.         

حمككاض النمككو والمح ككول الكك   يككادة تركيكك  المركبككام الكيماويككة مثككل السكككريام واالوقككد ترجككن ال يككادة فكك  
الككك   االمينيكككة الكليكككة وال وسككك ور والبوتاسكككيوم وال كككوديوم والحديكككد والبكككورن والنحكككا  وال نككك  باال كككافة

 الهرمونام النباتية مثل اندول حمض الخلي  وحمض الجبريللين وحمض االبسيسي .
 عككامالم انككدول حمككض الخليكك  تسككرد مرحلككة الح ككاد لنباتككام فككول المككان ويمكككن أن نسككتنت  أن م

 خالل تأثيرها بل   يادة النمو الخ رخ والمح ول ومكوناتا.
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Table (1): Growth characters of four mungbean cultivars as affected by foliar application with two different 

concentrations of IAA during the first season (1998) 

Cultivars Treatments 

Plant 

Height 

(cm) 

No. of 

Leaves 

No. of 

bran- 

ches 

Leaves 

area 

D. W.  (g) 

W. P 
Plant 
height 
(cm) 

No. of 

leaves 

No. of 

bran-

hes 

Leaves 
area 

D.w. (g) 

W. P 
Root Shoot Leave Pods Root Shoot Leave Pods 

 42 days from sowing date 62 days from sowing date 

V
C

 2
7
1
9
 

Control 26.9 5.50 2.40 381.4 0.23 0.8 2.28 - 3.31 95 9.6 4.35 422 1.11 3.80 6.25 2.80 13.96 

5 31.4 5.53 2.95 420.3 0.24 1.40 2.30 - 3.94 98.8 10.8 4.91 466.6 1.12 4.12 6.80 2.90 14.92 

10 26.70 5.10 2.22 377.9 0.20 0.82 1.49 - 2.51 73.8 9.5 4.20 407 1.01 3.72 5.40 2.45 12.58 

L.S.D 1.30 n.s 0.30 15.02 n.s 0.24 n.s - 0.22 5.14 n.s 0.54 14.33 n.s 0.14 0.30 0.24 0.42 

K
a
w

m
i-
1
 

Control 31.80 5.0 2.85 334.2 0.19 1.14 1.64 - 2.97 98 8.4 4.58 381.6 1.22 4.82 4.30 2.77 13.17 

5 31.92 5.45 3.01 409.0 0.22 1.94 2.08 - 4.24 99.2 9.8 4.62 403.3 1.20 4.94 5.11 2.80 14.35 

10 30.23 5.0 2.5 328 0.21 1.13 1.58 - 2.92 95.4 7.2 4.41 373.3 1.15 4.0 4.20 2.15 11.81 

L.S.D. n.s 0.21 0.14 12.51 n.s 0.28 0.24 - 1.11 2.41 1.30 n.s 15.2 n.s 0.32 0.63 0.11 n.s 

V
  
2
0
1
0
 

Control 27.8 4.90 2.62 302.6 0.19 0.74 1.48 - 2.41 76.4 6.20 4.41 317 1.30 3.19 5.43 2.64 12.46 

5 29.80 5.70 2.69 386 0.33 1.35 2.12 - 3.80 77.2 6.40 4.63 453 1.42 4.30 6.02 2.81 14.55 

10 29.83 5.0 2.65 371.6 0.24 1.37 1.88 - 3.49 79 6.80 4.69 370 1.40 4.21 5.33 2.71 13.65 

L.S.D. 1.20 0.24 n.s 17.2 0.11 n.s 0.23 - 1.02 3.03 0.32 0.12 14.83 n.s 0.19 0.30 0.07 1.20 

V
C

  
1
0
0
0
 

Control 30.4 4.80 2.52 368.6 0.21 1.17 1.81 - 3.19 93.2 7.4 4.51 403.6 1.20 4.07 5.82 2.70 13.79 

5 32.3 5.4 2.63 383.9 0.22 1.37 1.88 - 3.47 102 8.2 4.78 424.3 1.29 4.30 6.31 2.81 14.71 

10 31.1 5.0 2.62 377.3 0.22 1.44 1.87 - 3.53 96 7.4 4.60 416.6 1.21 4.21 5.95 2.71 14.08 

L.S.D. 1.45 1.30 0.11 13.14 n.s 0.10 n.s - 0.11 4.91 0.70 0.21 16.43 n.s n.s n.s n.s 0.12 

D. W. : Dry weight  

W. P. : Whole Plant 
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    Table (2): Growth characters of four mungbean cultivars as affected by foliar application with two different 

concentrations of IAA during the second season (1999)  

Cultivars Treatments 

Plant 
Height 
(cm) 

No. of 
Leaves 

No. of 
bran- 
ches 

Leave 
area 

D. W.  (g) 
W. P 

Plant 
Height 

No. of 
leaves 

No. of 
branches 

Leave 
area 

D.w. (g) 
W. P 

Root Shoot Leaves Pods Root Shoot Leaves Pods 

42 days old 62 days old 

 V
C

  
2
7
1
9
 Control 22.6 5.43 2.38 369.4 0.29 1.13 2.10 - 3.62 91.2 10 4.23 411.3 1.20 3.41 6.10 2.55 13.61 

5 28.0 5.60 2.64 417.5 0.23 1.38 2.19 - 3.80 95.3 11.2 4.34 457.6 1.21 4.40 6.65 2.70 14.86 

10 22.1 5.20 2.74 367.2 0.22 1.49 1.93 - 3.64 81.2 8.9 4.10 417.6 1.18 3.01 5.80 2.32 12.32 

L.S.D 3.2 0.11 0.21 9.32 n.s n.s n.s - n.s 5.02 1.01 n.s 13.91 n.s 0.32 0.45 n.s 1.0 

K
a
w

m
i-
1
 

Control 27.4 4.9 2.79 325.3 0.21 1.33 1.75 - 3.26 96 9.2 4.42 413.3 1.12 4.62 5.80 2.61 14.15 

5 28.9 5.8 2.83 418.5 0.24 2.02 2.16 - 4.42 101.2 9.8 4.65 442 1.14 4.81 5.81 2.70 14.49 

10 25.6 5.1 2.78 410.3 0.19 1.16 1.63 - 2.88 97.3 8.1 4.30 367 1.2 4.31 5.36 2.52 13.19 

L.S.D. 1.4 0.7 n.s 15.30 n.s 0.30 0.40 - 1.01 1.04 1.31 n.s 14.3 n.s 0.20 n.s n.s n.s 

V
  
2
0
1
0
 

Control 21.6 4.9 2.60 308.2 0.17 0.8 1.32 - 2.29 71.4 6.5 4.5 340 1.25 3.70 5.82 2.80 13.57 

5 26.7 6.4 2.71 432.3 0.23 1.58 2.06 - 3.87 83.5 6.9 4.81 432 1.40 4.13 6.30 3.21 15.04 

10 23.2 4.9 2.61 358 0.27 1.40 1.83 - 3.50 80.1 6.9 4.61 358 1.26 4.00 5.83 2.96 14.05 

L.S.D. 1.43 1.31 n.s 14.20 n.s 1.20 0.34 - 1.11 3.33 n.s 0.11 8.03 n.s 0.24 n.s 0.40 0.51 

V
C

  
1
0
0
0
 

Control 27.1 4.9 2.6 376.7 0.24 1.37 1.63 - 3.24 89.1 8 4.6 410.3 1.3 4.27 5.61 2.52 13.60 

5 29.4 5.7 2.7 396.3 0.30 1.0 1.96 - 3.16 97.5 9.2 4.83 432.6 1.38 4.91 6.04 2.92 15.25 

10 28.9 5.0 2.61 381 0.25 1.37 1.80 - 3.42 92 8.1 4.61 418.3 1.34 4.4 5.75 2.86 14.35 

L.S.D. 0.81 n.s n.s 13.33 n.s n.s n.s - 0.21 4.15 1.01 0.22 5.21 n.s n.s 0.30 0.13 1.02 

D. W. : Dry weight                                       W. P. : Whole Plant                                  
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  Table (3): Yield and its components of four mungbean cultivars as affected by foliar application with two different 

concentrations of  IAA during the two successive seasons; 1998 and 1999. 

Cultivars Treatments 

No. of 

pods/ 

plant 

Pods 

weight / 

plant (g) 

No. of 

Seeds / 

Pod 

No. of 

Seeds / 

plant 

Seed yield 

/ plant (g) 

Weight of 

100 seeds 

(g) 

No. of 

pods / 

plant 

Pods 

weight / 

plant (g) 

No. of 

seeds 

/ Pod 

No. of 

Seeds / 

plant 

Seed 

yield / 

plant (g) 

Weight 

of 100 

seeds  

(g) 

 1988 1999 
V

C
 2

7
1
9

 

Control 74.6 63.81 8.81 562.20 31.50 5.60 72.1 61.70 9.80 706.2 36.4 5.20 

5 84.0 65.29 10.82 908 59.02 6.50 79.2 64.10 11.20 889.3 57.6 6.48 

10 74.1 56.7 7.5 555.8 28.53 5.10 71.9 56.10 8.40 603.9 30.02 4.97 

L.S.D 2.55 1.3 1.62 10.42 8.32 0.82 5.13 2.40 1.2 14.40 4.46 1.14 

K
a
w

m
i-

1
 

Control 56.7 41.50 8.67 491.6 21.14 4.31 58.4 42.46 9.14 533.8 24.20 4.53 

5 59.6 43.60 9.80 584.1 30.95 5.30 60.2 44.20 10.20 614.0 32.21 5.25 

10 56.60 37.50 6.52 369.0 15.34 4.15 56.9 38.41 7.91 449.5 18.41 4.09 

L.S.D. 2.2 1.92 1.02 12.62 5.61 0.43 1.42 1.22 0.35 16.25 4.46 0.24 

V
 2

0
1
0
 

Control 55.40 38.2 8.71 482.5 27.98 5.80 56.90 39.01 9.80 557.61 29.23 5.23 

5 77.80 48.5 9.98 776.4 52.02 6.71 79.40 48.90 11.40 905.16 56.61 6.13 

10 59.80 38.84 9.12 454.4 32.18 5.95 61.20 41.40 10.80 660.96 38.00 5.74 

L.S.D. 4.1 4.61 1.11 15.65 7.87 0.35 3.10 3.36 1.00 18.73 7.98 0.40 

V
C

 1
0
0
0
 

Control 61.10 46.10 9.03 551.7 33.66 6.10 60.40 66.0 9.90 597.96 36.30 6.07 

5 64.10 48.50 10.82 693.6 47.16 6.88 65.20 48.90 10.99 713.29 50.41 7.10 

10 62.20 46.40 9.92 617.02 40.11 6.50 62.80 46.80 10.02 629.25 42.00 6.67 

L.S.D. 2.40 1.30 1.42 24.32 6.51 0.61 3.04 1.20 0.40 18.20 5.44 0.50 
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Table (7): Effect of different IAA concentrations on TAA, N, T.S.Ph, K and P concentrations (mg/g D.W) of four 

mungbean cultivars in leaves, roots and seeds in the second sample during 1999 season. 

Cultivars Treatments 
TAA N T. S. Ph. K P 

Leaves Seeds Roots Leaves Seeds Roots Leaves Seeds Roots Leaves Seeds Roots Leaves Seeds Roots 

Kawmi-1 

 Control 4.8 8.8 0.86 19.0 31.5 9.0 2.01 1.37 0.62 18.3 14.0 12.0 4.1 4.3 1.2 

5 1.2 5.52 1.86 24.0 38.0 13.0 2.01 1.38 0.62 17.2 8.9 8.4 5.1 5.2 1.6 

10 10.8 5.26 1.70 18.5 37.0 15.0 2.03 1.38 0.64 22.3 13.4 7.6 4.7 3.0 2.4 

VC  

1000   

Control 7.3 9.60 0.96 25.0 42.0 15.5 1.92 1.30 0.57 20.1 8.9 8.6 3.6 5.1 1.7 

5 6.0 4.11 1.08 17.5 32.5 6.5 2.01 1.32 0.56 28.8 9.0 9.6 4.7 4.5 1.6 

10 7.2 9.06 1.2 13.0 32.5 11.5 2.0 1.31 0.58 17.2 7.8 7.0 2.6 4.1 1.4 

V  2010 

Control 7.04 8.78 1.2 30.0 34.5 7.5 2.0 1.29 0.56 20.2 8.0 8.7 3.6 2.9 1.4 

5 9.66 3.06 1.7 23.5 40.5 11.0 2.04 1.30 0.59 21.2 8.6 10.4 3.3 4.7 2.1 

10 6.8 2.40 1.86 32.5 33.5 10.0 2.01 1.29 0.58 21.0 8.7 7.2 3.9 5.2 1.2 

VC  

2719 

Control 9.0 9.01 0.6 25.0 34.5 8.5 1.93 1.26 0.50 11.0 7.5 6.8 4.2 2.9 1.1 

5 5.04 5.46 0.58 28.0 40.5 10.0 1.91 1.28 0.51 19.6 7.4 10.5 3.6 3.1 2.0 

10 7.24 8.28 1.02 33.5 30.5 12.5 1.95 1.21 0.52 20.6 6.4 11.6 3.8 3.9 1.6 

TAA: Total free amino acids 

T. S. Ph: Total Soluble phenole 
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Table (8): Effect of different IAA concentrations on Na, Fe, B, Cu and Zn concentrations (mg/g D.W) of four 

mungbean cultivars in leaves, roots and seeds in the second sample during 1999 season. 

Cultivars Treatments 
Na Fe B Cu Zn 

Leaves Seeds Roots Leaves Seeds Roots Leaves Seeds Roots Leaves Seeds Roots Leaves Seeds Roots 

Kawmi-1 

Control 0.68 0.40 0.98 23.2 38.4 54.5 9.5 9.5 7.4 0.07 0.16 0.05 0.28 0.27 0.34 

5 0.66 0.47 0.7 10.8 40.0 59.0 10.8 10.3 4.7 0.09 0.17 0.07 0.02 0.39 0.03 

10 0.80 0.50 0.60 18.8 39.5 52.0 10.4 9.9 7.6 0.10 0.17 0.08 0.01 0.82 0.02 

VC 1000 

Control 0.62 0.40 0.69 26.0 33.9 51.6 9.5 7.8 7.3 0.07 0.16 0.05 0.02 0.40 0.08 

5 0.94 0.48 0.79 13.9 47.8 51.7 9.7 12.4 6.9 0.06 0.15 0.06 0.07 0.11 0.03 

10 0.86 0.36 0.57 18.9 40.3 48.7 10.1 7.4 7.6 0.07 0.16 0.05 0.03 0.19 0.57 

V 2010 

Control 0.74 0.82 0.66 21.1 30.8 56.8 11.1 9.8 7.9 0.10 0.15 0.06 0.18 0.75 0.16 

5 0.70 0.49 1.10 20.3 33.9 53.9 12.6 8.4 8.1 0.13 0.16 0.05 0.25 0.11 0.16 

10 0.80 0.40 0.52 36.1 28.7 46.6 10.9 7.7 5.6 0.09 0.16 0.03 0.77 0.21 0.06 

VC 2719 

Control 0.78 0.52 0.48 20.8 36.7 37.1 11.1 9.8 5.8 0.12 0.15 0.05 0.08 0.2 0.74 

5 0.69 0.80 0.79 24.9 36.8 44.2 12.8 8.0 6.3 0.12 0.16 0.10 0.04 0.64 0.46 

10 0.62 0.46 0.80 29.8 36.6 50.6 14.1 9.3 7.1 0.10 0.20 0.05 0.15 0.25 0.10 
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